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LIQUID CRYSTAL DISPLAY APPARATUS HAVING FLEXIBLE SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to a liquid crystal display- 
apparatus having a flexible substrate. 

2. DESCRIPTION OF THE RELATED ART 

A liquid crystal display apparatus that consumes 
minimal power has been used currently as a display unit for 
portable electronic apparatuses such as portable 
information terminals or cellular phones. In particular, 
reflection type liquid crystal apparatuses are used for most 
products as a backlight is not necessary, resulting in minimal 
power consumpt ionand increased battery life. 

Meanwhile, , a liquid crystal display apparatus that 
employs a resin film substrate instead of a conventional 
glass substrate has been developed to answer the 
ever- increasing need for further miniaturization and weight 
decrease of the electronic apparatus. 

One example of a reflection type liquid crystal 
display apparatus having a film substrate as described 
hereinabove will be described briefly with reference to FIG . 

3. FIG. 3 is a diagram showing a partial cross - sec t ional 
view of a liquid crystal display apparatus having a 
conventional configuration. In FIG. 3, the liquid crystal 
display apparatus 100 comprises a first film substrate 110 
and a second film substrate 120, which face each other, and 
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a liquid crystal layer 130 that is sealed between the two 
film substrates 110 and 120. 

A laminated structure of an electrode layer 115 
consisting of transparent conductive film such as ITO 
(indium-tin oxide) operates liquid crystal molecules of the 
liquid crystal layer 130 and an orientation film 116 controls 
the orientation of liquid crystal molecules are formed on 
the liquid crystal layer side of the first film substrate 
110. Another laminated structure of an electrode layer 125 
and orientation film 126 are formed on the liquid crystal 
layer side of the second film substrate 120. Furthermore, 
a reflection plate 128 is provided on the opposite side of 
the second film substrate 120 (the outer face side of the 
second film substrate 120) 

Furthermore, a reflector 140 having one surface on 
which a reflection film 141 of aluminum is formed on the 
outer face side of the first film substrate 110. An adhesive 
142 is formed between the reflection film 141 and the 
substrate 110 . 

The liquid crystal display apparatus 100 having the 
above-mentioned configuration has been used as a reflection 
type liquid crystal display apparatus in which solar energy 
or other external illumination is used as the light source. 
Light incident from the outside of the second substrate 120 
is reflected on the reflection film 141 and used for 
displaying . 

Furthermore, because a film substrate that is thinner 
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than a conventional glass substrate isusedas the substrate , 
it is possible to make an electronic apparatus having the 
above-mentioned liquid crystal display apparatus thin, and 
parallax is suppressed to bring about a high quality display . 

However, according to the configuration of the liquid 
crystal display apparatus 100, because the exterior type 
reflector 140 reflects the incident light, the light incident 
from the second substrate 120 side to the liquid crystal 
display apparatus 100 passes through the two substrates 110 

Ul 

yj and 120 and a reflection plate 128 inevitably before the 

^ light reaches the reflection film 141 of the reflector 140. 

As the result, the light transmission loss is large, and 
the brightness of the display is insufficient. 
^ Furthermore, because the liquid crystal display 

apparatus 100 comprising the above-mentioned film substrate 
is a component used as the display unit of, for example, 
a cellular phone and low cost is required , it is very important 
to simplify the configuration and manufacturing process of 
the liquid crystal display apparatus so that the cost is 
reduced . 

The present invention has been accomplished to solve 
the above-mentioned problems, and it is an object of the 
present invention to provide a liquid crystal display 
apparatus having a flexible substrate that is capable of 
displaying high quality images with high brightness. 

It is another object of the present invention to 
provide a liquid crystal display apparatus having a 
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simplified configuration that reduces manufacturing costs . 
SUMMARY OF THE INVENTION 

To achieve the above-mentioned object, a liquid 
crystal display apparatus according to a first aspect of 
the present invention comprises a pair of substrates disposed 
to face each other with interposition of a liquid crystal 
^ layer, at least one of the substrates is a flexible substrate , 

and a plurality of concave faces each having a spherical 
"^J inner surface and formed continuously on the surface of at 

W least one substrate facing the liquid crystal layer. 

=P According to the configuration in accordance with 

M= the present invention, because the concave faces are formed 

continuously on one surface of a flexible substrate, the 
m configuration of the liquid crystal display is simplified 

to bring about the reduced manufacturing cost . 

Next, the liquid crystal display apparatus according 
to a second aspect has a metal reflection film formed on 
the substrate surface. 

According to the above-mentioned configuration, the 
reflection type liquid crystal display apparatus of the 
present invention has a built-in reflection plate for 
reflecting the light between the pair of substrates. 
Because the metal reflection film is shaped as described 
hereinabove, the reflection efficiency of the metal 
reflection film is improved to bring about a bright display. 

Next, the liquid crystal display apparatus according 
to a third aspect has a depth of the concave faces ranging 
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from 0 . 1 |j,m to 3 |am, an inclination distribution of the inner 
surface of the concave faces ranging from -30 degrees to 
+30 degrees, and a pitch between adjacent concave faces 
ranging from 5 ^m to 50 |j.m. 

According to the configuration as described 
hereinabove, because the reflection efficiency of the metal 
reflection film is optimized, the light incident from the 
outside is reflected efficiently, and a bright reflection 
display is realized. 
W Next, the liquid crystal display apparatus according 

=F to a fourth aspect has a metal reflection film having a film 

H thickness ranging from 80 A to 300 A. 

M 

M= According to the configuration as described 

p 

p hereinabove, because the film thickness of the metal 
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reflection film is made very thin, a bright transmission 
display is realized and the metal reflection film reflects 
light efficiently even when a light source for transmission 
display is used that is external to the substrate to fabricate 
a semi - transmission/ref lection type liquid crystal display 
apparatus . In other words , a semi- transmission/ref lection 
type liquid crystal display apparatus that gives a bright 
and easily visible display for both transmission display 
and reflection display is realized. 

Next, the liquid crystal display apparatus according 
to a fifth aspect has a metal reflection film with a film 
thickness ranging from 80 A to 100 A. 

According to the configuration as described 
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hereinabove, a semi- transmission/reflection type liquid 
crystal display apparatus that gives a bright reflection 
display and an extraordinarily bright transmission display 
is realized. 

Next, the liquid crystal display apparatus according 
to a sixth aspect has a color filter formed directly on the 
metal reflection film. 
^ According to the configuration as described 

%i hereinabove, because the color filter is formed on the 

m 

y surface on which 1 ight incident from the outside is reflected, 

^ the parallax and color deviation is minimized and the high 

M= quality display is realized. 

Next, the liquid crystal display apparatus according 
O to a seventh aspect has a colored substrate with the surface 

on which the concave faces are formed. 

According to the configuration as described 
hereinabove, the color of the colored substrate may be used 
as the display color in the case that a reflection type liquid 
crystal display apparatus is fabricated. In other words, 
a display having the color purity higher than that of the 
display obtained by means of orientation control of liquid 
crystal molecule is realized. 

Next, the liquid crystal display apparatus according 
to a eighth aspect has a flexible substrate comprising 
polyallylate base, polycarbonate base, polyether sulphone 
base, or polyethylene t erephthalate base resin. 

According to the configuration described hereinabove , 
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because the resins described hereinabove are highly- 
transparent, the bright display is realized for both 
reflection display and transmission display . Furthermore , 
because the above-mentioned resin materials are excellent 
in heat resistance and a film can be formed at a high 
temperature , a high qual ity 1 iquid crystal display apparatus 
is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a partial cross sectional 
configuration of a liquid crystal display apparatus in 
accordance with an embodiment of the present invention. 

FIG. 2 is a partially enlarged perspective view 
showing a substrate including the convex/ concave faces shown 
in FIG. 1. 

FIG. 3 is a diagram showing the partially cross 
sectional configuration of an exemplary reflection type 
liquid crystal display apparatus having a conventional 
flexible substrate . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will be 
described in detail hereinafter with reference to FIG. 1. 
However, the present invention is by no means limited to 
the embodiment described hereinafter. The drawings that 
will be referred in the present specification are presented 
only for describing the liquid crystal display apparatus. 
Structural components, the magnitude of dimension, size, 
and thickness of elements shown in the drawings may be 
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different from those of the actual liquid crystal display 
apparatus . 

FIG, 1 is a diagram showing a partial cross sectional 
view of a liquid crystal display apparatus in accordance 
with an embodiment of the present invention. In FIG. 1, 
a liquid crystal display apparatus 1 comprises a liquid 
crystal layer 30 interposed between a first substrate 10 
^ and second substrate 20 face each other, and the peripheries 

'^1 of the two substrates 10 and 2 0 are bonded together with 

in 

•W sealing material 40. The two substrates 10 and 20 consist 

of flexible resin in the present embodiment, but a glass 

N substrate may be used as the second substrate 20. 

M= A convex/concave face lOA is formed on the liquid 

Q crystal layer 30 side of the above-mentioned first substrate 

10, and the convex/ concave face lOA is shaped so that the 
plurality of concave faces, each of which constitutes a part 
of a spherical surface, are formed continuously. A 
laminated structure containing a metal reflection film 12 
for reflecting incident light that comes from the outside, 
a color filter 13 for displaying colors, an overcoat film 
14 for protecting and flattening the film surface of these 
films, an electrode layer 15 for driving the liquid crystal 
layer 30, and an orientation film 16 for controlling the 
orientation of liquid crystal molecules that constitute the 
liquid crystal layer 30 is formed on the convex/concave face 
lOA. Another laminated structure containing an electrode 
layer 25, an overcoat film 24, and an orientation film 26 
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is formed on the liquid crystal layer 30 side of the second 
substrate 20. Furthermore, on the outer face side (upper 
side in the drawing) of the second substrate 20, a phase 
difference plate 27 that controls the wavelength dispersion 
of the light, and a reflection plate 28 that controls 
reflection of the light are laminated in the order. 

The first substrate 10 preferably consists of a 
material that is highly transmissive to light (preferably 
90 % or higher, same as that of a glass) and is heat resistive 

Ul 

yj at a temperature of 200 or higher. If a less transmissive 

£ material is used, the light loss of the light incident from 

the outside that travels through the liquid crystal display 

Q 

apparatus 1 is large and the display is dark. If a material 
□ that is not resistive to a temperature of 200 ° C or higher, 

the resistivity of the transparent conductive film used as 
the electrode layer 15 increases and the power consumption 
is large. 

Particularly, a transparent conductive film such as 
ITO is used as the electrode layer 15. Note that an ITO 
film formed at a low film-forming temperature exhibits 
significantly larger resistivity in comparison with ITO 
formed at a high temperature of 200 ° C or higher. 
Furthermore, if the film thickness is increased to reduce 
the resistivity of ITO formed at a low temperature, the 
increased film thickness causes reduced light t ransmi t tance 
and warpage of the substrate 10 due to stress of the electrode 
layer 15. As described hereinabove, the heat resistance 



9 



of the substrate 10 is very important, and the quality of 
the liquid crystal display apparatus 1 depends significantly 
on the heat resistance of the substrate 10 . 

Examples of the material preferably used for the 
above-mentioned first substrate 10 include resin materials 
such as polyallylate base resin, polyether- sulphone base 
resin, polyethylene- terephthalate based resin, and 
polycarbonate base resin, but the material is by no means 
limited to those resins. Polyallylate base resin is used 
more preferably because the heat resistance temperature is 
as high as 280 C, the light t ransmi tt ance is as high as 
90 % or higher, and the birefringence is as low as 0. 

The first substrate 10 is formed of the 
above-mentioned material , and a gas barrier layer consisting 
of silicon oxide film or silicon nitride film may be formed 
on one side or both sides of the first substrate 10. The 
configuration having the above-mentioned gas barrier layers 
on the substrate 10 excludes adverse effects on the liquid 
crystal layer 30 due to de-gassing from the above-mentioned 
resin material or gas that penetrates into the liquid crystal 
display apparatus 1 through the above-mentioned resin 
material from the outside. As the result, the reliability 
of the liquid crystal display apparatus 1 is improved. 

Although a different material, such as glass, may 
be used as the second substrate 20, preferably the first 
substrate 10 and second substrate 20 are formed of the same 
material. If the same material is used for the first 



substrate 10 and the second substrate 20, a liquid crystal 
display apparatus that is excellent in reliability can be 
obtained because the thermal expansion coefficient of the 
two substrates 10 and 20 is identical. This results in less 
rupture of the circuit caused by changes in the ambient 
environment temperature . 

Furthermore, the first substrate 10 disposed on the 
back face side of the liquid crystal display apparatus 1 
may be pigmented. For example, if the substrate 10 is 
pigmented black to obtain a black display, the color purity 
is higher than that of a black display created by reflection 
control of the liquid crystal molecules, thereby realizing 
a liquid crystal display apparatus with an excellent display 
quality and improved contrast. 

The electrode layer 15 comprises a plurality of 
aligned flat rectangular transparent conductive films 
consisting of ITO, which may be connected individually to 
an external driving circuit (not shown in the drawing) . 
Furthermore, the electrode layer 25 formed on the second 
substrate 20 also comprises a plurality of aligned flat 
rectangular transparent conductive films like the 
above-mentioned electrode; layer 15, connected individually 
to an external driving circuit. The electrode layer 15 and 
the electrode layer 25 are disposed to make a right angle 
with each other (in a plan view) , and a passive matrix type 
liquid crystal display apparatus 1 is formed . 

In the liquid crystal display apparatus in accordance 



with the present invention, because the substrate 10 and/or 
the substrate 20 is formed of resin material with high heat 
resistance as described hereinabove, it is possible to form 
the transparent conductive film at a high temperature. As 
the result, the electrode layers 15 and 25 having the light 
transmit tance and resistivity equivalent to those of the 
transparent conductive film formed on a glass substrate at 
a high temperature can be obtained and a high performance 

"^4 liquid crystal display apparatus is realized. 

U1 

W The overcoat film 14 of the first substrate 10 and 

=P the overcoat film 24 of the second substrate 20 are provided 

to equalize the thickness of the liquid crystal layer 30 
by flattening the irregular thickness of the substrates 10 
and 20 and layers formed on those substrates 10 and 20. 

If the substrates 10 and 20 of the liquid crystal 
display apparatus 1 are formed of resin material, because 
to avoid adverse effects caused by degassing from the 
above-mentioned resin material on the liquid crystal layer 
30, the above-mentioned overcoat films 14 and 24 are formed 
to cover the entire liquid crystal layer side surface of 
each of the substrates 10 and 20 . The overcoat films 14 
and 24 formed to cover this surface prevent degassing from 
the substrates 10 and 2 0 and penetration to the liquid crystal 
layer 30, and deterioration due to degassing of the liquid 
crystal layer 3 0 is prevented. 

The metal reflection film 12 is provided to 
efficiently reflect light incident from the outside onto 
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the liquid crystal display apparatus 1 to obtain a bright 
display, and is formed on the convex/concave face lOA that 
is formed on the liquid crystal layer side of the first 
substrate 10 as shown in FIG. 1. The metal reflection film 
12 may consist preferably of a metal material with high 
reflection such as aluminum or silver. Furthermore, the 
metal reflection film 12 is formed by sputtering or vacuum 
evaporation of these metals. 
\| Furthermore, the metal reflection film 12 is 

m 

yj preferably formed only on the convex/concave face lOA that 

£ is the one convex/concave - shaped face of the substrate 10 

y. as shown in FIG. 1. The reason is that the outer end of 

^ the metal reflection film 12 formed on the entire surface 

a ■ ■ 
' I 

Q of the liquid crystal layer 30 of the substrate 10 is exposed 

■ directly to the outside air and the metal reflection film 

12 can be oxidized from the outer end to result in separation 
of the film 12 . 

Furthermore, the color filter 13 is formed directly 
on the metal reflection film 12 . The color filter 13 can 
be disposed on the reflection surface (the surface of the 
metal reflection film 12) that reflects the light incident 
from the outside because of the above-mentioned structure, 
and the color deviation and parallax can be reduced. As 
the result, the liquid crystal display apparatus 1 of the 
present invention displays high quality images. 

The thickness of the metal reflection film 12 ranges 
preferably from 80A to 300 A. 
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The above-mentioned film thickness allows the display 
to be viewed easily and brightly for both reflection 
displaying and transmission displaying in the case that a 
semi -transmission/ reflection type display apparatus 
provided with a backlight on the outside of the substrate 
10 is fabricated . The metal reflection film 12 can be formed 
very thin as described hereinabove because of the 

I ; 

configuration of the convex/concave face lOA of the first 
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substrate 10. In other words, the thinner film thickness 
of the metal reflection film 12 results in reduced 
reflectance of the metal reflection film 12, but the 
above-mentioned convex/convex shape of the metal reflection 
film 12 brings about higher light reflectance . As the result , 
it is possible to display an image with a brightness higher 
than that of a conventional apparatus even if the film 
thickness of the metal reflection film 12 is formed thin. 

Furthermore, the very thin film thickness (as thin 
as 80 A to 100 A) of the metal reflection film 12 renders 
the metal reflection film 12 highly t ransmissive , and a very 
bright display is realized for transmission displaying. 

As described hereinabove, the liquid crystal display 
apparatus of the present invention realizes the bright and 
easy-viewing display also in the case that a 
semi - transmission/ref lection type liquid crystal display 
apparatus provided with a backlight on the outside of the 
substrate 10 is fabricated. 

The film thickness range of the metal reflection film 
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12 described hereinabove is suitable for the 
semi- transmission/reflection type liquid crystal display 
apparatus that is used for both reflection display and 
transmission display . In the case of a reflection type liquid 
crystal display apparatus used only for reflection display, 
the film thickness is not limited and, for example, a film 
thickness of 1000 A may be used. 

The reflection type liquid crystal display apparatus 
provided with a metal reflection film 12 is described in 
the present embodiment, but the metal reflection film 12 
may be omitted. If the metal reflection film 12 is omitted, 
the liquid crystal display apparatus 1 is used as a 
transmission type liquid crystal display apparatus. In 
such case, the light is scattered effectively by means of 
the above-mentioned convex/concave face lOA and a 
transmission type liquid crystal display apparatus 
excellent in white display is realized. 

Furthermore, the inner surface of each of the concave 
faces of the above-mentioned convex/concave face lOA is 
spherical. This is to say that each inner surface is a part 
of a spherical surface, and thus the surface functions as 
a lens to intensify light incident from the outer face side 
of the first substrate 10, making it possible to render the 
display bright. As described hereinabove, because the 
convex/concave face lOA functions to intensify the light, 
the liquid crystal di splay apparatus of the present invention 
can realize the bright display with a reduced backlight 



intensity that is provided on the outside of the substrate 
10 for transmission display. As the result, it is possible 
to reduce the power consumption of the backlight, which 
consumes the power for the liquid crystal display apparatus 
mostly, and a low power consumption liquid crystal display 
apparatus is realized. 

The configuration of the convex/ concave face lOA shown 
in FIG. 1 will be described in detail with reference to FIG. 
2 . FIG. 2 is a perspective view showing the first substrate 
10 and the part including the metal reflection film 12 formed 
on the first substrate 10. As shown in FIG. 2, the inner 
face of the concave faces 12A, each of which is a part of 
the spherical surface, is formed continuously on the surface 
of the convex/concave face lOA of the substrate 10 to overlap 
each other, and the metal reflection film 12 is laminated 
on the surface . 

It is preferable that the depth of the above-mentioned 
concave faces 12A is formed randomly in the range from 0.1 
\xm to 3 )am, the pitch between adjacent concave faces 12A 
is disposed randomly in the range from 5 |j,m to 50 |Lxm, and 
the inclination of the inner surface of the above-mentioned 
concave faces 12A is set in the range from -30 degrees to 
3 0 degrees . 

Particularly setting of the inclination distribution 
of the inner face of the concave faces 12A in the range from 
-30 degrees to 30 degrees and the random disposition of the 
pitch of the adjacent concave faces 12A in all directions 
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in a plane are important. The reason is that, if the pitch 
of the adjacent concave faces 12A is regular, the reflected 
light is colored due to interference color of the light. 
Furthermore, if the inclination distribution of the inner 
face of the concave faces 12A deviates from the range from 
-30 degrees to 30 degrees, the diffusion angle of the 
p reflected light is too wide and results in reduced reflection 

2 intensity and bright display cannot be obtained (the 

m diffusion angle of the reflected light is equal to or larger 
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than 60 degrees to result in reduced reflection intensity 
peak in the liquid crystal display apparatus and result in 
large total reflection loss) . 

Furthermore, if the depth of the concave faces 12A 
exceeds 3 )j,m, the peaks cannot be buried with the flattening 
film (overcoat film 14) when the concave faces 12A are 
flattened in the subsequent process step. As a result, the 
desired flatness cannot be obtained and a depth that exceeds 
3 jam causes the display to be irregular. 

If the pitch of the adjacent concave faces 12A is 
less than 5 |nm, the fabrication work for making a transfer 
die that is used for forming the convex/concave face lOA 
of the first substrate 10 is limited, and the working time 
increases. Furthermore, the shape for obtaining desired 
reflection characteristic cannot be formed and 
interferential light is caused. In addition, as a diamond 
indenter having a diameter of 30 |i,m to 100 |xm is used to 
fabricate the transfer die, it is preferable that the pitch 
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is in the range from 5 jam to 50 jam between the adj acent concave 
faces 12A. 

In the case of the liquid crystal display apparatus 
1 of the present invention, because the metal reflection 
film 12 formed on the convex/concave face lOA of the first 
substrate 10 is shaped in a convex/concave fashion, the 
incident light is reflected and scattered efficiently, and 

O 

>Q a display having a bright reflection and wide angle of 

S| visibility are realized. These advantages of the present 

Ln 

fjj invention are due to the control of the depth and pitch of 

^ the concave faces 12A shown in FIG . 2 in the range as described 

1^ hereinabove and due to the spherical surface of the inner 

ll face of the concave faces 12A. 

In detail, the depth and pitch of the concave faces 
12A are formed under control, the inclination of the inner 
surface of the concave faces 12A that controls the light 
reflection angle is controlled in a certain range. As the 
result, the reflection efficiency of the metal reflection 
film 12 can be controlled within a certain range. 
Furthermore, because the inner surface of the concave faces 
12A is symmetrically spherical in all the directions, the 
above-mentioned reflection efficiency can be obtained for 
all the directions of the metal reflection film 12. To sum 
up, the bright display can be seen from all the directions. 

The convex/concave face lOA of the first substrate 
10 is formed by hot-pressing a resin material sheet to shape 
it in the form of the first substrate 10 by use of a transfer 
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die. The above-mentioned transfer die is made by a diamond 
indenter pressed on the surface of flat base material such 
as stainless steel, and the configuration of the 
convex/concave face lOA shown in FIG. 2 is formed by use 
of an inversely convex/concave die. 

The process conditions applied in the hot-pressing 
process such as temperature, pressure, and time may be 

3 S 

^ selected suitably depending on the type of material and the 

Si size of the substrate 10. For example, the process 

m 

yJ temperature is preferably a temperature 10 ° C to 20 ° C lower 

^ than the heat-resisting temperature of the material of the 

M= first substrate 10. More in detail, in the case that, for 

example, polyallylate resin sheet having a thickness of 0.3 
5 mm is used for the substrate 10, the process condition for 

forming the convex/concave face lOA includes a process 
temperature of 170 ° C to 180 ° C, pressure of 100 to 200 
kg/cm^, and process time of 1 to 3 minutes. Note however 
that these process conditions are merely one example, the 
process conditions are by no means limited to the 
above-mentioned conditions . 

The convex/concave face lOA formed by hot-pressing 
is preferably formed on the entire face of the substrate 
10 excepting the periphery of the substrate 10. The 
structure as described hereinabove has flat surface on the 
periphery of the substrate 10, and the overcoat film 14 can 
be fit on the substrate 10 firmly. As the result, the 
overcoat film 14 will not be separated from the substrate 
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10, and it is possible that the liquid crystal display 
apparatus 1 of the present invention retains high reliability 
for a number of years in a high temperature and high humidity 
environment (for example, a temperature equal to or higher 
than 60 ° C and a humidity equal to or higher than 90 %) . 

Furthermore, because a hot-pressing method is used 
as a method for forming the convex/concave face lOA, a large 
(fl substrate may be hot-pressed. This large hot-pressed 
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substrate may then be divided into substrates 10 having a 
desired size. Therefore, a plurality of substrates 10 on 
^ which the convex/concave face lOA are formed can be obtained 

1^ in one operation efficiently. 

o 

Lj, As described hereinbefore in detail, according to 

Pi 

Q the liquid crystal display apparatus of the present invention, 

the convex/concave configuration (a configuration in which 
continuous concave faces each have an inner surface that 
is a part of the spherical surface) is formed directly on 
the surface of the liquid crystal layer side of the substrate 
of the liquid crystal display apparatus having a flexible 
substrate. As the result, the configuration of the liquid 
crystal display apparatus is made simpler than that of the 
conventional liquid crystal display apparatus and the 
manufacturing cost is reduced. 

Next, a reflection type liquid crystal display 
apparatus provided with a metal reflection film formed on 
the surface of the above-mentioned substrate where the 
convex/concave face is formedhas an improved light 
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reflectance due to the above-mentioned surface 
configuration. As the result, a reflection type liquid 
crystal display apparatus having a bright and easily viewable 
display and wide angle of visibility is realized. 

In the case that a semi -transmission/ref lection type 
liquid crystal display apparatus provided with a backlight 
for transmission display on the outside of the substrate 
having a metal reflection film with a film thickness of 80 
A to 300 A is fabricated, a bright reflection display is 
obtained due to the surface configuration of the 
above-mentioned substrate in the reflection mode in which 
the solar light or illumination is used as the light source 
for displaying an image. On the other hand, in the case 
of the transmission mode in which the light from a backlight 
is used as the light source for displaying an image, a bright 
display is obtained due to the high t ransmi t tance of the 
metal reflection film. As the result, in both operation 
modes, a semi -transmission/ref lection type liquid crystal 
display apparatus that displays a bright and easily viewable 
image is provided. 

Furthermore, in the case that the film thickness of 
the metal reflection film of the above-mentioned 
semi-transmission/reflection type liquid crystal display 
apparatus is in the range from 80 A to 100 A, a 
semi-transmission/reflection type liquid crystal display 
apparatus that gives very bright display in the transmission 
mode is provided. 
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Particularly, because the inner surface of the concave 
faces formed on the above-mentioned substrate surface is 
a part of spherical surface, the light supplied from a 
backlight is enhanced by the lens effect, and the 
semi -transmission/ref lection type liquid crystal display 
apparatus provides a bright transmission display. 
^ Furthermore, it is possible to employ a backlight of a lower 

^ light intensity because of the above reason, a low power 

consumption liquid crystal display apparatus is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, because a color filter 
is formed immediately on the metal reflection film, the 
parallax and the color deviation are reduced and the high 
quality display is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that a colored 
substrate having the surface on which the convex/concave 
configuration is formed is used, the color of the substrate 
is used as the display color, and it is possible to give 
a display of higher color purity than that of a display 
obtained by means of orientation control of the liquid 
crystal molecule. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that the 
above-mentioned substrate is formed of resin such as 
polyallylate base resin, polycarbonate base resin, 
polyethersulphone base resin, or polyethylene 
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terephthalate base resin, the substrate is rendered highly 
light transmissive and highly heat resistive . As the result , 
the layers can be formed on the substrate at a high temperature . 
A high quality liquid crystal display apparatus is provided 
thereby . 

According to the present invention, in both cases 
that a semi -transmission/reflect ion type or a reflection 

Q 

k/j type liquid crystal apparatus is fabricated, a liquid crystal 



display apparatus that gives a bright display and wide angle 
of visibility is provided. 

Furthermore, according to the present invention, the 
configuration is simplified to bring about reduced 
manufacturing cost of the liquid crystal display apparatus . 
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What Is Claimed Is: 

1. A liquid crystal display apparatus comprising a 
pair of substrates disposed to face each other with 
interposition of a liquid crystal layer, at least one of 
the substrates being a flexible substrate, wherein a 
plurality of concave faces having a spherical inner surface 
are formed continuously on a surface of at least one of the 

O 

substrates, the substrate surface facing the liquid crystal 

- ^ K 

\| layer. 

yl 

bi 2. The liquid crystal display apparatus according 

4== to claim 1, wherein a depth of the concave faces ranges from 

0.1 \xm to 3 |Lim, an inclination distribution of the inner 

surface of the concave faces ranges from -30 degrees to +30 
p degrees, and a pitch between adjacent concave faces ranges 

from 5 i^m to 5 0 jam. 

3. The liquid crystal display apparatus according 

to claim 1, wherein a metal reflection film is formed on 

the substrate surface . 

4- The liquid crystal display apparatus according 

to claim 3 , wherein a film thickness of the metal reflection 

film ranges from 80 A to 300 A. 

5. The liquid crystal display apparatus according 
to claim 3 , wherein a film thickness of the metal reflection 
film ranges from 80 A to 100 A. 

6. The liquid crystal display apparatus according 
to claim 3, wherein a color filter is formed directly on 
the metal reflection film. 
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7. The liquid crystal display apparatus according 
to claim 1, wherein the substrate surface is colored. 

8 . The liquid crystal display apparatus according 
to claim 1, wherein the flexible substrate comprises one 
of a polyallylate base, polycarbonate base, 
polyethersulphone base, and polyethylene terephthalat e 
base resin. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides a liquid crystal display 
apparatus having a flexible substrate that realizes the 
bright and high quality display. A liquid crystal display 
apparatus has a liquid crystal layer interposed between a 
pair of flexible substrates that face each other, and a 
plurality of concave faces having a spherical inner surface 



are formed continuously on 



the surface of the substrate that 



faces the 1 i quid crystal 



layer side . 
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